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Creep and Hot Tensile Behavior of AISI 201LN
Austenitic Stainless Steel
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DANIELLE CRISTINA CAMILO MAGALHÃES, MAURIZIO FERRANTE,
CARLOS ALBERTO DELLA ROVERE, ANDREA MADEIRA KLIAUGA,
LEVI DE OLIVEIRA BUENO, and VITOR LUIZ SORDI

AISI 200LN is a low nickel austenitic stainless steel (SS) in which nitrogen and manganese are
used for nickel substitution. It shows excellent mechanical properties at room and cryogenic
temperatures, with a lower production cost, if compared to the traditional 300 series SS. In spite
of that, the performance of AISI 200 series SS under creep conditions remains largely
underexplored in the literature. This study aims to assess the mechanical response of the AISI
201LN alloy when subjected to hot tensile and creep tests. The tensile tests were conducted at
room temperature and in the range of 500 �C to 800 �C, whereas the creep tests were performed
under constant load and within the temperature range 600 �C to 800 �C. Correlations among
stress, temperature, secondary creep rate, rupture time, and creep ductility were obtained and
results were compared to the literature data for the 300 series of traditional stainless steels.
Based on the Zener–Hollomon parameter, constitutive equations were applied to describe the
creep behavior of AISI 201LN within the range of stresses and temperatures used.
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I. INTRODUCTION

AISI 200 series stainless steel (SS) production has
been growing and changing remarkably with the partial
replacement of nickel (Ni) by manganese (Mn) and
nitrogen (N), thus allowing a considerable cost reduc-
tion.[1,2] Although the 200 series steels had marginal
applications in the 1980s and 1990s, more recently,
improvements in melting practices have made it possible

to reduce the carbon and sulfur contents and add
nitrogen, thus increasing the field of applications.[3] The
transformation-induced plasticity (TRIP) effect, which
typically occurs in materials with low stacking fault
energy (SFE), allows a considerable increase in strength
and magnetics properties and promotes excellent energy
absorption capacity. Furthermore, low SFE steels, as
the AISI 200 series, are also prone to the phenomenon
known as twinning-induced plasticity (TWIP), when the
stress and strain rate conditions are favorable.[4,5]

Recently, this series of SS has been the focus of many
studies addressing its mechanical behavior and the
austenite reversion through thermo-mechanical treat-
ments.[6–8] Hamada et al.[9] studied the effect of different
tensile strain rates (5 9 10�4 and 1 9 10�2 s�1) at
temperatures between – 80 �C and 200 �C on two AISI
200 series stainless steels: 201 and 201L. The authors
found that below room temperature, the TRIP effect
was the dominant deformation mechanism, while TWIP
and dislocation glide predominated in the range from 50
�C to 200 �C.
The chemical composition of SS AISI 201LN is

similar to that of AISI 201, but with a lower C content
(C<0.03 pct) and with the addition of N. In general, the
deformation behavior of this family of SS is scarcely
mentioned in the literature when compared to the
traditional 300 series SS. At high temperatures, partic-
ularly under creep conditions, the performance of those
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materials remains largely underexplored. This work
aims to study the tensile behavior of an AISI 201LN SS
at high temperatures by means of hot tensile tests, at
temperatures between 500 �C and 800 �C, and by
constant load creep tests in the temperature range of 600
�C to 800 �C. Results were compared to the literature
data for the 300 series SS and constitutive equations
were applied to describe the creep behavior of the AISI
201LN within a range of stresses and temperatures.

II. EXPERIMENTAL PROCEDURE

Samples of AISI 201LN austenitic SS were supplied
by APERAM South America as plates having dimen-
sions of 235 mm 9 215 mm 9 28 mm. The material was
produced by continuous casting with a thickness of 200
mm, which is usually reduced to 5 mm or less by hot
strip rolling. In the present case, the material was
withdrawn from the middle of the rolling process to
allow a more suitable volume of the samples. The
chemical composition, as reported by the supplier, is in
Table I.

The as received material (AR) was submitted to
solution heat treatment (HT) at 1150 �C/30 min, under a
vacuum environment, followed by cold water cooling.
The microstructures of both conditions were observed
by optical microscopy (OM). Electrolytic etching was
performed using an aqueous solution with 10 wt pct of
oxalic acid, at 12 V for approximately 30 seconds, at
room temperature.

Tensile tests were performed at room temperature
(RT) and 500 �C, 600 �C, 700 �C and 800 �C, according
to ASTM E8 and ASTM E21 standards,[10,11] employing
a INSTRON 5500R machine, under an initial strain rate
equal to 1 9 10�3 s�1. Three specimens were tested for
each test condition. Constant load creep tests were
carried out, according to ASTM E139,[12] at tempera-
tures in the range of 600 �C to 800 �C, in air, under
nominal stresses going from 45 to 325 MPa. The creep
tests were performed in creep machines, model
STM-MF/1000; continuous recording of the specimen’s
elongation was measured by extensometers coupled to
the test grips and connected to LVDTs, or potentio-
metric position sensors. For practical reasons, long-term
creep tests were not replicated.

The specimens for creep and tensile tests were
machined along the rolling direction of the as received
plates; cylindrical specimens were thus obtained, as
shown in Figure 1. All the tensile and creep tests were
performed after solution heat treatments (HT
condition).

III. RESULTS AND DISCUSSION

Figure 2 shows the microstructure of the material in
the AR and HT conditions. The AR material shows
essentially a recrystallized austenitic microstructure with
an average grain size of 37 ± 4 lm (measured by the
linear intercept methods: ASTM E112[13]), the presence

of twins (1), precipitates (2) and elongated d-ferrite
islands at the grain boundaries (3). The heat treatment
was effective in dissolving the largest precipitates,
increased the average grain size to approximately 61 ±
4 lm and partially dissolved d ferrite.
Figure 3 depicts representative engineering stress–

strain curves obtained from tensile tests performed on
the material in the HT condition, at RT, 500 �C, 600 �C,
700 �C, and 800 �C. The corresponding nominal tensile
properties are in Table II, where r0.2, ru, eR, and RA
are, respectively, the nominal values of 0.2 pct proof
stress, ultimate tensile strength, strain at rupture, and
reduction in area. In determining the strain hardening

parameters (n¢, K), the Hollomon’s model (r ¼ ken
0
) was

applied to the region of uniform plastic deformation
(from r0.2 to ru) of the respective true stress–true strain
curves.
From Figure 3(a) it is clear that at room temperature

the material under study exhibits both strength and
ductility higher than at high temperatures (except for eR
at 800 �C, as commented further below) . Even when
compared to conventional AISI 304/316 stainless steels
(in Figure 3(b)), 201LN showed a better combination of
these properties at room temperature. This behavior is
associated to the remarkable strain hardening capacity
observed within the uniform plastic deformation regime.
Previous studies[8,9,14] have shown that SS 201LN is
susceptible to martensitic transformation induced by
deformation (the TRIP effect) which, in turn, enhances
its capacity to absorb energy. Hence, the TRIP effect
contributed to increase the deformation energy, a
property quantified by the area under the stress-strain
curve. In the present case, it was observed a change in
the strain hardening exponent value (n¢, from 0.3 to
0.8—see Table II) at approximately 30 pct of tensile
strain, suggesting that deformation-induced martensite
formation occurred during the tensile tests at room
temperature. The presence of martensite in the necking
region of the fractured specimens was confirmed by OM,
in Figure 4(a).
As for the high-temperature tests, Figure 3 and

Table II show that between 500 �C and 700 �C, the
elongation at rupture (eR) and the reduction in area
(RA) decrease to values around 50 pct. In the above
temperature range, the presence of serrations in the
curves, mainly at 600 �C, denotes a discontinuous plastic
flow, indicating the occurrence of dynamic strain aging.
It should also be noted that the uniform deformation
capacity (represented by the values of eu and n¢ in
Table II) decreases with increasing test temperature,
contrary to the total elongation (eR). It means that as the
temperature is increased, the observed increase in eR is
due to non-uniform (after-necking) deformation. The
insets in Figure 3(a) illustrate aspects of the necking
region of the specimens, which appears narrowed at RT
and extended at 800 �C. Particularly at 800 �C, the shape
of the curve, with a large quantity of plastic deformation
after ru, indicates that softening phenomena take place
with increasing temperature. Flow softening is often
related to dynamic recovery and dynamic recrystalliza-
tion mechanisms which are associated, respectively, to
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substructure coarsening and nucleation of new
grains.[16,17] Optical micrographs, taken in the necking
region of the specimens (see Figure 4(b)), showed some
evidence of small grains along boundaries of elongated
grains in the austenitic matrix, reinforcing the sugges-
tion that dynamic recrystallization occurred during the
test. The numerous voids observed in Figure 4(b) also
contributed to the increased non-uniform deformation
at 800 �C. A more detailed microstructural analysis is
not within the scope of the present work and further
study is needed to elucidate the microstructural evolu-
tion of the material under different test conditions.

The comparison with typical literature data[15] showed
that the tensile properties of the AISI 201LN SS, under
the present conditions, are comparable to those of the
conventional austenitic SS AISI 304 and AISI 316 (see
Figure 3(b)). AISI 201LN showed a tensile strength
slightly higher than AISI 304 and lower than AISI 316,
but similar ductility over the entire range of tempera-
tures, except at RT, as already noted above. The better

properties of AISI 316 at the higher temperatures are
due to its high Cr, Ni, and Mo contents, while the
significantly higher strength and ductility of AISI
201LN at RT are due to the deformation-induced
martensitic transformation during the test.
Figure 5 presents the creep curves obtained from

constant load creep tests performed in air, at tempera-
tures in the range of 600 �C to 800 �C, and stresses
varying from 45 to 325 MPa (depending on the
temperature level). The resulting rupture times (tR) took
place within the range of 1 to 3000 hours. In general, the
total strain at rupture (eR) appears to increase with
increasing test temperature. The steady-state creep rates
(e9s) were taken as the minimum values of the tangents (e9
= de/dt) on the creep curves shown in Figure 5.
The effects of stress and temperature on the rupture

time are summarized in Figure 6, where a decrease in the
creep strength is observed as the test temperature is
increased. As expected, at higher temperatures, the work
hardening capacity is reduced, while recovery and

Fig. 1—As received material (a) and dimensional details of the specimens for creep and tensile tests (b). Arrows indicate the rolling direction.

Fig. 2—Optical micrographs of AISI 201LN SS (longitudinal section), in the as received condition (a) and after solution heat treatment (b).

Table I. Chemical Composition (Wt Pct) of AISI 201LN Steel, as Reported by the Supplier

Cr Mn Ni C N Mo Si Cu S P

17.02 6.87 4.02 0.027 0.16 0.02 0.40 0.02 0.001 0.03
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oxidation phenomena are favored, contributing to the
loss in creep strength. In this figure, the present results
are compared to a number of creep–rupture data of type
316LN SS collected by Kim et al.[18] from worldwide
literature surveys. These authors selected the creep data
by the chemical composition defined for type 316 LN
SS, especially a nitrogen content within the range of 0.06
to 0.15 wt pct. They compiled a total number of 345
data points, in the temperature range of 500 �C to 800
�C, which are represented by the dashed lines in
Figure 6, for each temperature level. The comparison
was made on typical results, without considering pos-
sible differences in grain size, processing route or other
variables that may influence creep properties. Neverthe-
less, a good agreement among data was found, suggest-
ing that the effect of temperature predominated over
microstructural features, at least under a given range of
testing conditions. With this proviso, it can be said that
the AISI 201LN SS showed a creep resistance similar to
type 316LN SS.

The steady-state creep rate (e9s) has often been
described as a function of stress and temperature by
the expression in Eq. [1][19]:

�es ¼ Arnexp
�Q

RT

� �
; ½1�

where A is a constant, n is the power exponent of
stress (r), Q is an empirical activation energy for the
creep rate controlling process, R is the universal gas
constant and T is the absolute temperature. Equa-
tion [1] can be reduced to Eq. [2] for a set of creep
tests performed at a given stress r, or to Eq. [3] for
tests performed at a given constant T.

�es ¼ A0exp
�Q

RT

� �
jr; ½2�

�es ¼ BrnjT: ½3�

The apparent creep activation energy (Q), in Eq. [2],
can be estimated through an Arrhenius-type diagram as
shown in Figure 7, where Q = � R[d(ln�e)/d(1/T)]r is the
slope of the isostress lines. An average value of Q = 525
± 34 kJ/mol was obtained from the six straight lines
shown in the figure. For pure metals and single-phase
alloys, where dislocation climb is the rate controlling
mechanism, values of Q close to the self-diffusion
activation energy (QSD) are said to be expected.[20,21]

The values of Q determined here are higher than the
self-diffusion of Fe, Cr or Mn in an austenitic matrix (~
230 to 260 kJ/mol), but are in good agreement with the
values determined from creep independent tests for
types 304 and 316 SS (~ 410 to 560 kJ/mol).[21,22] The
higher values of Q obtained from specimens tested under
the same stress at the different temperatures have been
attributed to structural differences among the specimens
(such as the presence of carbides and dislocation
densities). However, if activation energy is determined
after initially creeping specimens or by temperature
change tests, the structure introduced at higher temper-
atures is assumed to remain constant, and values of Q
closer to QSD can be obtained.[21,22]

In Figure 8, the Norton’s creep power law (Eq. [3])
was assumed to describe the dependence of the
steady-state creep rate (e9s) on stress, at distinct levels
of temperature. Creep rates were plotted in a logarith-
mic scale, as a function of the normalized stress (r/G),
where G is the shear modulus at the corresponding
temperature. Modulus compensation was applied as an
attempt to more accurately describe the experimental
data by a simple power law, since the dislocation
substructure may be better related to the modulus-com-
pensated stress rather than the applied stress.[23]

From Figure 8, values of n ranging from ~ 6, at 800
�C (low stresses), to ~ 16, at 600 �C (high stresses), were
obtained. As a general trend, the values of n increased
with decreasing temperature and increasing stress.
Moreover, at a given temperature, distinct breaks in
the slope of the curves were observed, with higher n
values at higher stresses. Although Eq. [1] suggests that
n and Q are constant, most of the experimental results in
the literature have shown that both parameters change
with stress and temperature,[24] as Figure 8 confirms.

Fig. 3—Representative engineering tensile stress–strain curves at
different temperatures for the solution-treated (HT) AISI 201LN (a).
Comparison with typical literature data[15] for AISI 304 and AISI
316 SS (b).
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The combined effects of strain rate and temperature
are often represented by the Zener–Hollomon[25] param-
eter (Z), which represents a possibility of parameterizing
Norton’s diagram data according to a single reference
curve, with a single apparent activation energy value
(Q). Thus Eq. [1] can be rewritten as:

Z ¼ �esexp
Q

RT

� �
¼ Arn: ½4�

A Zener–Hollomon diagram was constructed, see
Figure 9, where the Z values are plotted on a logarith-
mic scale as a function of the normalized stresses (r/G).
A single average value of Q = 525 kJ/mol was chosen
for the Z calculation. The slope of the parameterized
curve is expected to be equivalent to the n-exponent of
Norton’s law (Eq. [3]) at the corresponding test condi-
tions. In Figure 9 three distinct regions were selected as
an attempt to quantify the variation of n with respect to
the test conditions. As can be seen, this curve exhibits n
values varying from ~ 5 (in the lowest stress range) to ~
16 (in the highest stress range), which agree well with the
range of n values presented in Figure 8.

Many authors have reported distinct breaks in this
kind of curves. Values of n ranging from 1 (at low
stresses) to 14 (at high stresses) have been commonly
reported and associated to the predominance of different
deformation mechanisms controlling the creep rate.[24]

In the first two regions of Figure 9, it can be suggested
that the creep process was controlled by dislocation
climb at high and medium temperatures, where n ranges

from ~ 5 to ~ 8. At stress levels high enough to activate
dislocation glide, high values of n can be expected. These
here simplified hypotheses were discussed in detail by
Langdon,[26] in the context of pure metals and simple
solid solution alloys. In the case of more complex alloys,
the resulting creep rate may involve complex interac-
tions due to the effects of precipitation, particle growth,
phase transformation or damage accumulation, so that
the proposed controlling mechanisms for simpler mate-
rials do not apply directly. Meanwhile, other authors
have suggested that the value of n may vary continu-
ously with stress and temperature, and that deformation
occurs under the effect of an effective stress, given by the
difference between the applied stress and an internal
stress, or friction stress, which depends on the
microstructural state and substructure deformation
during creep.[20,24]

Despite controversies regarding the nature of n and Q
and the reason for their variations, Eq. [4], with
discretely chosen values of n and Q remains useful in
the assessment of materials’ performance for practical
purposes. In the present study, it was possible to identify
three distinct regions in the curve in Figure 9, from
which the parameters of the corresponding general creep
equation were determined.
While the temperature sensitivity has been consis-

tently represented by an Arrhenius-type equation, rela-
tionships other than Norton’s power law (Eq. [4]) have
been proposed to describe the stress dependence. Besides
the Norton’s relation (Eq. [4]), Dorn’s relation (Eq. [5])
and Garofalo’s relation (Eq. [6]) will be considered[19]:

Fig. 4—Optical micrographs after tensile testing at RT (a) and 800 �C (b). Longitudinal section in the necking region of fractured specimens.

Table II. Tensile Properties at Different Temperatures Obtained for Solution Heat-Treated (HT) AISI 201LN

T (�C) r0.2 (MPa) ru (MPa) eR (pct) RA (pct) eu (pct) n¢ K (MPa)

25 321 ± 4 858 ± 7 80 ± 2 71 ± 2 72 ± 2 0.30/0.80 ± 0.01/0.03 1222/2456 ± 18/29
500 146 ± 4 417 ± 8 47 ± 1 54 ± 1 33 ± 1 0.42 ± 0.03 936 ± 15
600 133 ± 2 376 ± 5 46 ± 1 50 ± 1 31 ± 1 0.37 ± 0.02 804 ± 10
700 123 ± 2 297 ± 3 47 ± 1 49 ± 1 28 ± 1 0.31 ± 0.01 593 ± 8
800 98 ± 2 209 ± 3 88 ± 3 74 ± 2 26 ± 1 0.29 ± 0.01 401 ± 5

r0.2, yield strength; ru, ultimate tensile strength; eR, plastic strain at rupture; RA, reduction in area; eu, plastic strain at ru; (n¢, K) Hollomon’s
strain hardening parameters.
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Z ¼ B0expðbrÞ; ½5�

Z ¼ A00½sinh arð Þ�n
00
; ½6�

where Z is the temperature-compensated creep strain
rate, B¢, b, A¢¢, n¢¢ and a are material constants.
The Dorn’s relation is represented in linearized form

in Figure 10, where ln(Z) is plotted as a function of the

Fig. 5—Creep curves obtained at 600 �C (a), 650 �C (b), 700 �C (c), 750 �C (d), and 800 �C (e) for SS AISI 201LN. The dashed line in (e)
represents the ‘‘steady-state creep rate’’ determined on the secondary stage of the curves.
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modulus-compensated stress (r/G), to determine the
constants B¢ and b from Eq. [5]. As can be seen, an
acceptable fit is obtained in Figure 10, suggesting that,
under the present conditions, the dependence of the
temperature-compensated creep rate on the modu-
lus-compensated stress could be reasonably expressed
in terms of a simple exponential relation.

In Figure 11, Garofalo’s relation (Eq. [6]) was
linearized in order to determine the values A¢¢ and n¢¢.
Again, the modulus-compensated stress (r/G) was used
(instead of r) and a constant value of Q = 525 kJ/mol
was considered. The constant a was roughly estimated
as a � b/n,[27,28] with n and b taken from Figures 8 and
9, respectively. Although more accurate procedures have
been discussed for the fit of the Garofalo equation,[29,30]

for the present purpose, Figure 11 represents an
acceptable fit with the experimental data. According to
Figures 10 and 11, Eqs. [5] and [6] can be considered as

suitable constitutive equations to describe the depen-
dence of creep rate on stress and temperature.
Table III summarizes the constitutive equations with

their respective constants, as determined for the AISI
201LN SS under the present range of creep condition.
Since the creep behavior of this class of SS remains
largely unexplored in the literature, Table III offers a
useful comparative basis for practical purposes.
The Monkman–Grant (M–G) model[31] relates the

steady-state creep rate (e9s) and the rupture time (tR). The
M–G relationship (Eq. [7]) has been shown to be valid
for many metals and alloys under a wide range of creep
conditions, with the m-exponent generally reported to be
close to 1.[23]

�es � tRm ¼ K: ½7�

The validity of the M–G model establishes a direct
relationship between the steady-state creep rate and the
total time to rupture, regardless of the different combi-
nations of stress and temperature from which a given
rate may have resulted. As a whole, the present set of

Fig. 6—Rupture times under constant load creep tests for AISI
201LN, compared with the representative literature data[18] for AISI
316LN (dashed lines).

Fig. 7—Arrhenius plot and determination of apparent creep
activation energy (Q) for AISI 201LN stainless steel.

Fig. 8—Secondary creep rate (e9s) as a function of the
modulus-compensated stress (r/G) and determination of the of the
Norton’s power law parameters.

Fig. 9—Zener–Hollomon diagram for AISI 201LN stainless steel.
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data fits well with the M–G model, showing average
values of m = 1.07 and K = 0.26, as shown in
Figure 12. For a more detailed observation, the inset in
this figure shows the values of m and K considering the
distinct levels of temperature. While the value of m
remains close to 1 (as expected), K tends to be slightly
reduced with reducing temperature. It has been pointed
out that a drop in the K value can be associated to
precipitation effects occurring at the grain boundaries
which hinder their mobility leading to a drop in the
ductility of the material.[32,33] In agreement with that,
the tests performed at 600 �C and 650 �C, which showed
the lower values of K in Figure 12, also exhibited some
loss in ductility if compared to the tests at higher
temperatures.

Equation [8] presents a modified Monkman–Grant
(MMG) relation,[34] where m = 1 and the rupture time
tR is divided by the total strain at the rupture eR.

�es
tR
eR

¼ CMMG: ½8�

The constant CMMG = 0.47 shown in Figure 13(a) is
close to that mentioned by Sundararajan[35] for an AISI
304 SS. The author also shows values of CMMG for
different materials, ranging from 0.1, for a 2.25Cr–1Mo
alloy, to 0.8 for a Ni–8Al alloy. The value of CMMG can
be interpreted as a measure of the contribution of the
secondary stage to the total deformation obtained in the
test, so that low values of this constant suggest that a
large part of the creep strain is derived from tertiary
creep.[36] Conversely, when CMMG approaches unity, it
means that the tertiary stage is short and creep defor-
mation occurs essentially in the steady flow regime.
The tertiary creep is related to the growth of damage,

which increases the creep rate eventually resulting in
failure. Based on a concept of continuous accumulation
of creep damage, the creep damage tolerance factor k is
defined as the relationship between the total deforma-
tion at rupture eR and the deformation of the secondary
stage, i.e., the product (e9sÆtR). It is considered an
indicator of the susceptibility of a material to localized
cracking and also an indicator of creep ductility.[37]

k ¼ eR
�estR

: ½9�

It should be noted that k = 1/CMMG, and eR/tR in
Eq. [9] represents the average creep rate throughout the
test. From Eq. [9], k can be determined as the intercept
at e9s =1 on a double logarithmic plot of (eR/tR) vs. e9s, as
shown in Figure 13(b).
The value of k = 2.1 obtained for AISI 201LN

coincides with that determined by Phaniraj et al.[37] for
an AISI 304 steel. Figure 13(b) also includes dashed
lines representing the behavior of a 9Cr–1Mo steel,
which showed values of k equals to 5 and 10, when
tested in high and low stress regimes, respectively. High
values of k mean a significant contribution of tertiary
stage in defining total strain and rupture time. Thus,
several authors seek to associate it with the creep
deformation mechanism: when k = 1, it is assumed that
most of deformation takes place in the secondary stage
and low ductility and brittle fracture are expected; when
k = 1.5 to 2.5 it has been suggested that damage
accumulation is due to cavity growth resulting from
diffusional creep and dislocation climb (power law).
Higher values of k indicate resistance to local cracking,
with ductile fracture and a significant necking
effect.[38,39] Figure 13 illustrates the constancy of k and
CMMG for AISI 201LN throughout the investigated
range of stress and temperature.
A number of techniques for creep rupture parame-

terization have been suggested in the literature[24,40,41]

aiming to extrapolate the mechanical responses obtained
in short/medium duration tests to real service condi-
tions. On this respect, Figure 12 shows the results of the
Larson–Miller methodology, where the applied stress
was plotted as a function of the Larson–Miller param-
eter (LMP), defined as:

LMP ¼ TðCþ logtRÞ: ½10�

Fig. 11—Determination of the Garofalo’s equation parameters for
constant load creep tests in AISI 201LN.

Fig. 10—Determination of the Dorn’s equation parameters for
constant load creep tests in AISI 201LN.
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The constant C was estimated equal to 22.5 consid-
ering the pattern of isostress lines which were plotted on
coordinate axes log tR vs. 1/T.[41] Kim et al.[18] reached a
C value equal to 23 from a large number of literature
creep data for type 316LN SS (N content between 0.06
and 0.15 pct), tested between and 500 �C and 800 �C. In
order to compare these results, the same value of C= 23
is adopted in Figure 14. It can be seen that the two
materials exhibit a very similar behavior, with 316LN
slightly superior at higher stresses.

It has been reported that in several grades of steels the
addition of nitrogen decreases SFE; Cr, Si, and Mn have
the same effect, while Ni and C increase SFE.[42] The
AISI 201LN SS has a low SFE (~ 6.5 mJ/m2),[5] which
provides resistance to creep, because recombination of
partials dislocations required for cross-slipping is diffi-
cult. The addition of alloying elements, forming a solid
solution, is the most effective way to increase creep
resistance as some of them can decrease SFE to large
extent.[43] Mathew et al.[44] reported that creep rupture
strength was substantially increased with increase in N
content of a 316L SS, which was attributed to solid
solution strengthening, increase in Young’s modulus,
decrease in SFE and carbonitrides precipitation.

Therefore, unlike the former austenitic SS stabilized
with Mn (where a loss of resistance at high temperatures
was associated with microstructural instability[45]), the

relatively high content of N of the AISI 201LN SS
contributed to reduce SFE and to maintain resistance
under prolonged exposure times, thus resulting creep
properties comparable to those of some traditional
austenitic SS, at relatively high temperatures. In this
context, further work on the microstructural evolution
under creep conditions is needed to allow safe service life
predictions for this class of material.

Fig. 12—Determination of Monkman–Grant parameters for AISI
201LN.

Fig. 13—Constancy of CMMG (a) and k (b) for AISI 201LN,
compared to the literature data[37] for different materials.

Table III. Constitutive Equations for Steady-State Creep Rate (e9s) for AISI 201LN for a Range of Creep Testing Conditions

lnZ r (MPa) T (K) Creep Strain Rate (h�1)*

Norton (Eq. [4]) 50 to 55 45 to 90 1073 �es ¼ 3:66� 1038ðrGÞ
5:4
exp

�525�103

RT

� �
55 to 60 90 to 210 973 to 1073

�es ¼ 9:59� 1044ðrGÞ
7:7
exp

�525�103

RT

� �
60 to 68 210 to 325 873 to 973

�es ¼ 2:0� 1066ðrGÞ
16:3

exp
�525�103

RT

� �
Garofalo (Eq. [6]) 50 to 68 45 to 325 873 to 1073

�es ¼ 1:15� 1024½sinh 464ðrGÞ
� �

�6:5exp �525�103

RT

� �
Dorn (Eq. [5]) 50 to 68 45 to 325 873 to 1073

�es ¼ 1:1� 1021exp 3574 G

� �
exp

�525�103

RT

� �

*Q = 525 kJ/mol (Fig. 6); R = 8.314 J mol�1.K�1; G = f(T) MPa.
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IV. CONCLUSIONS

The tensile properties of the AISI 201LN SS, at
temperatures between 500 �C and 800 �C, were found to
be comparable to those of conventional austenitic SS. In
this range of temperature, the AISI 201LN showed
tensile strength slightly higher than AISI 304 and lower
than AISI 316, with similar ductility. At room temper-
ature, AISI 201LN showed a very high hardening
capacity, which was attributed to the TRIP effect.

An approximately constant value for the apparent
creep activation energy, Q = 525 ± 34 kJ/mol, was
estimated through an Arrhenius-type correlation
between the test temperature and the secondary creep
rate, from constant load creep tests performed at
temperatures ranging from 600 �C to 800 �C and
different levels of stress.

Constitutive equations, taken from the literature,
were applied to describe the dependence of secondary
creep rate on stress and temperature under the constant
load creep tests. The Garofalo’s model showed the best
fit with experimental data and was considered as a
suitable constitutive equation to describe the creep
behavior of AISI 201LN SS under the present test
conditions. As for the rupture time, the validity of the
modified M–G relation and the constancy of the creep
damage tolerance factor k were verified here.

The Larson–Miller parameterization method was
applied with a constant C = 23. The relation between
the parameter LMP and the applied stress fitted well to
form a master curve for AISI 201LN.

The comparison of the present results with literature
data indicated that AISI 201LN shows creep properties
similar to some traditional AISI 300 series austenitic SS
at relatively high temperatures.
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